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(57) ABSTRACT

The present invention relates to a magnetite-birnessite mix-
ture, to a synthesis method therefor, and to a water-treatment
method using the same. The magnetite-birnessite mixture
synthesis method according to the present invention includes:
a first synthesis step in which magnetite is synthesized; a
second synthesis step in which manganese is made to adsorb
onto the surface of the magnetite by supplying manganese
while maintaining a basic state in the presence of the magne-
tite, and then synthesizing birnessite on the surface of the
magnetite by supplying an oxidizing agent and sodium,
thereby synthesizing a mixture in which magnetite and bir-
nessite are bound together; and a purification step in which
the mixture of magnetite and birnessite is purified.

13 Claims, 6 Drawing Sheets
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FIG. &

< TEM IMAGE OF SYNTHESIZED MATERIAL>
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SYNTHESIS METHOD FOR MAGNETITE
AND BIRNESSITE AGGREGATE-FORM
MIXTURE

TECHNICAL FIELD

The present invention relates to a water-treatment tech-
nique, and more particularly, to an adsorbent that may simul-
taneously adsorb and remove a positive ion contaminant and
a negative ion contaminant, a method for synthesizing the
adsorbent, and a water-treatment method using the adsorbent.

BACKGROUND ART

Various methods, such as adsorption, membrane separa-
tion, precipitation, biological decomposition, and chemical
decomposition, are applied to purify contaminated water. It is
very common that positive ion contaminants, such as Cu**, is
Pb>*, Zn?*, Ni**, and Cd**, and negative ion contaminants,
AsO,>, AsO,>7, Cr,0,>—, PO,*", F~, and NO,~ are mixed
in contaminated water, such as industry waste water or mine
drainage. An existing technique for purifying contaminated
water containing both positive ion contaminants and negative
ion contaminants is utilized by combining two or more tech-
niques including a process of removing positive ion contami-
nants and a process of removing negative ion contaminants.
Thus, existing contamination purifying methods use several
techniques and thus their procedures are complicated and
many costs are required.

Various adsorbents for removing positive or negative ion
contaminants have been developed and are applied to sites.
Methods of removing contaminants using adsorption are
largely classified into a method of removing an adsorbent by
mixing the adsorbent with contaminated water and then by
adsorbing contaminants and a method of removing contami-
nants by allowing a column filled with an adsorbent to pass.
An existing adsorbent has high adsorption performance with
respect to positive or negative ions; however, an adsorbent
having performance of simultaneously removing positive
ions and negative ions is restrictive.

Also, when the adsorbent is mixed with contaminated
water and is removed, the adsorbent is configured in the form
of fine particles having a wide adsorption area so as to
improve an adsorption force with respect to contaminants.

For example, activated carbon that is widely used in sites,
is known as being capable of simultaneously removing posi-
tive ion contaminants and negative ion contaminants from
waste water. Also, activated carbon has a large specific sur-
face area and thus has high adsorption performance. How-
ever, it is difficult to separate and recover activated carbon
after water treatment is completed.

DETAILED DESCRIPTION OF THE INVENTION

Technical Problem

The present invention provides an adsorbent that may
simultaneously adsorb and remove positive ion contaminants
and negative ion contaminants, includes fine particles having
a large surface area to have high adsorption performance and
may improve separation efficiency after water treatment is
performed, a method for synthesizing the adsorbent, and a
water-treatment method using the adsorbent.

Technical Solution

According to an aspect of the present invention, there is
provided a method for synthesizing a magnetite-birnessite

10

15

20

25

30

35

40

45

50

55

60

65

2

mixture, including: a first synthesis step in which magnetite is
synthesized; a second synthesis step in which manganese is
made to adsorb onto a surface of the magnetite by supplying
manganese while maintaining pH at 8 or more in the presence
of the magnetite, and then synthesizing birnessite on the
surface of the magnetite by supplying an oxidizing agent and
sodium, thereby synthesizing an aggregate-form mixture in
which magnetite and birnessite are bound together; and a
purification step in which the mixture of magnetite and bir-
nessite is purified.

According to another aspect of the present invention, there
is provided a magnetite-birnessite mixture that is synthesized
using the above method, so as to remove both a positive ion
contaminant and a negative ion contaminant.

According to another aspect of the present invention, there
is provided a water-treatment method, whereby waste water is
treated using the magnetite-birnessite mixture synthesized
using the above method, wherein a positive ion contaminant
is adsorbed into birnessite and is removed and a negative ion
contaminant is adsorbed into magnetite and is removed.

Effect of the Invention

A magnetite-birnessite mixture can be easily synthesized
using a synthesis method according to the present invention.

The magnetite-birnessite mixture synthesized according to
the present invention may simultaneously adsorb a positive
ion contaminant and a negative ion contaminant and thus is
effective in waste water treatment.

Also, since the magnetite-birnessite mixture has a small
particle size and has a large surface area, the magnetite-
birnessite mixture has high adsorption performance with
respect to contaminants.

Also, since magnetite is a ferromagnetic substance, the
magnetite-birnessite mixture can be easily recovered from
purified waste water using a magnetic field after contami-
nants are adsorbed from waste water.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic flowchart illustrating a method for
synthesizing a magnetite-birnessite mixture according to an
embodiment of the present invention;

FIG. 2 is a graph showing magnetic susceptibility of the
magnetite-birnessite mixture according to concentration of
iron (Fe) and concentration of manganese (Mn) when synthe-
sis is performed;

FIG. 3 is an image showing X-ray diffraction (XRD) pat-
terns of the magnetite-birnessite mixture according to con-
centration of Fe and concentration of Mn when synthesis is
performed;

FIG. 4 is a scanning electron microscope (SEM) image of
the magnetite-birnessite mixture;

FIG. 5 is a transmission electron microscope (TEM) image
of the magnetite-birnessite mixture;

FIG. 6 is a table in which a chemical composition (concen-
tration of Fe and concentration of Mn) of the magnetite-
birnessite mixture that is finally synthesized according to a
concentration ratio of Fe with respect to Mn when synthesis is
performed, is analyzed using a dithionite-citrate-bicarbonate
method;

FIG. 7 is a schematic flowchart of a water-treatment
method according to an embodiment of the present invention;

FIG. 8 is a table showing the results of testing a ratio of
removing copper (Cu)that is a positive ion contaminant of the
magnetite-birnessite mixture; and
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FIG. 9 is a table showing the results of testing a ratio of
removing arsenic (As) that is a negative ion contaminant of
the magnetite-birnessite mixture.

BEST MODE

According to an aspect of the present invention, there is
provided a method for synthesizing a magnetite-birnessite
mixture, including: a first synthesis step in which magnetite is
synthesized; a second synthesis step in which manganese is
made to adsorb onto a surface of the magnetite by supplying
manganese while maintaining pH at 8 or more in the presence
of the magnetite, and then synthesizing birnessite on the
surface of the magnetite by supplying an oxidizing agent and
sodium, thereby synthesizing an aggregate-form mixture in
which magnetite and birnessite are bound together; and a
purification step in which the mixture of magnetite and bir-
nessite is purified.

The first synthesis step of synthesizing magnetite may
include synthesizing magnetite by mixing a first solution
including iron (Fe) ions and a second solution including
hydroxyl ions with each other in contact with air.

The first solution may be an iron chloride solution, the
second solution may be a sodium hydroxide (NaOH) solu-
tion, and the second solution may be mixed with the first
solution and pH of the mixture solution may be maintained at
8 or more, more preferably, at 11 to 12.

The second synthesis step may include adding a third solu-
tion including manganese (Mn) ions, a fourth solution includ-
ing sodium ions, and an oxidizing agent for oxidizing the Mn
ions in the third solution to the magnetite synthesized in the
first synthesis step and maintaining pH of a whole solution
including the magnetite, the third solution, and the fourth
solution at 8 or more so that birnessite is synthesized on the
surface of the magnetite.

The third solution may be a manganese chloride solution,
the oxidizing agent may be hydrogen peroxide, and the fourth
solution may be a sodium hydroxide (NaOH) solution.

A molar concentration of the sodium hydroxide (NaOH)
solution that is the fourth solution may be 3.5 to 5 times a
molar concentration of the manganese ions of the third solu-
tion and may be 0.25 to 4 times a molar concentration ratio of
the Fe ions of the first solution with respect to the Mn ions in
the third solution.

In the purification step, the mixture of magnetite and bir-
nessite may be separated using a magnetic force, and a mag-
net used in the purification step may form a magnetic field
having 1,000 to 5,000 gauss.

The mixture of magnetite and birnessite may be formed
with a particle size of 6 to 60 pm.

According to another aspect of the present invention, there
is provided a magnetite-birnessite mixture that is synthesized
using one of the above methods.

According to another aspect of the present invention, there
is provided a water-treatment method, whereby waste water is
treated using the magnetite-birnessite mixture synthesized
using the method, wherein a positive ion contaminant is
adsorbed into birnessite and is removed and a negative ion
contaminant is adsorbed into magnetite and is removed.

After the contaminants are removed using the magnetite-
birnessite mixture, the magnetite-birnessite mixture into
which the contaminants are adsorbed, may be separated from
waste water using a magnetic force.

A molar concentration of Mn ions for synthesizing the
birnessite with respect to a molar concentration of Fe ions for
synthesizing the magnetite may be adjusted so as to deter-
mine a content ratio of the magnetite and the birnessite in the
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finally-synthesized magnetite-birnessite mixture, and when a
content of the negative ion contaminant is relatively larger
than a content of the positive ion contaminant as a result of
component analysis of the waste water, a content of the mag-
netite may be made higher than a content of the birnessite in
the magnetite-birnessite mixture, and in an opposite case, the
content of the birnessite may be made higher than the content
of the magnetite, thereby removing the contaminants.

Mode of the Invention

Hereinafter, a magnetite-birnessite mixture according to an
embodiment of the present invention and a synthesis method
therefor will be described in more detail with reference to the
attached drawings.

FIG. 1 is a schematic flowchart illustrating a method for
synthesizing a magnetite-birnessite mixture 100 according to
an embodiment of the present invention.

Referring to FIG. 1, the method for synthesizing the mag-
netite-birnessite mixture 100 according to the current
embodiment of the present invention includes a first synthesis
step 10, a second synthesis step 20, and a purification step 30.

In the first synthesis step 10, magnetite is artificially syn-
thesized. Magnetite (Fe,O,) is synthesized by adding a sec-
ond solution including hydroxylions to a first solution includ-
ing iron (Fe) ions. The first solution and the second solution in
a state in which they are exposed to air when they react with
each other, are stirred.

Inthe current embodiment, an iron (I) chloride tetrahydrate
(FeCl,-4 H,O) solution is used as the first solution including
Fe ions. The usage of iron (I) chloride in the form of hydrate
is to improve solubility of water. 2-value iron (F) ions are
contained in the first solution formed of iron (I) chloride.

Also, in the current embodiment, sodium hydroxide
(NaOH) is used as the second solution including hydroxide
ions. An NaOH solution is added to the first solution so that a
mixture solution in which the first solution and the second
solution is mixed, may be maintained in a basic state. In
particular, in the current embodiment, the mixture solution is
maintained at pH 11 to 12.

The NaOH solution provides enough hydroxyl ions to syn-
thesize the magnetite, and an NaOH solution having the con-
centration of 0.1 to 5 M is used in the current embodiment.
The concentration of the iron (I) chloride tetrahydrate
(FeCl,4 H,O) solution depends on the content of the mag-
netite in a magnetite-birnessite mixture to be finally synthe-
sized.

If the first solution and the second solution are exposed to
air and are mixed with each other and then react with each
other for about 30 to 60 minutes, the magnetite is formed by
the following Formula 1.

Fe?*+2Fe**+80H —Fe;0,+4H,0 (Formula 1)

That is, some of the 2-value Fe ions eluted from the first
solution are oxidized by dissolved oxygen and are 3-value Fe
ions, and the 2-value Fe ions and the 3-value Fe ions consume
hydroxyl ions so as to synthesize the magnetite. The magne-
tite is precipitated in a solid form.

In the current embodiment, the mixture solution should be
maintained in the basic (about pH 8 or more) state, because
the above Formula 1 is established in the basic state. Further-
more, as pH of the mixture solution increases, particles of the
magnetite to be synthesized increase and thus have a large
surface area. Thus, the magnetite having high adsorption
efficiency is synthesized. However, since the usage of a solu-
tion that exceeds pH 12 requires high cost, the second solu-
tion is added to maintain pH of 11 to 12.
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In the second synthesis step 20, birnessite is synthesized on
the surface of magnetite synthesized in the first synthesis step
10 so as to synthesize a mixture in which the magnetite and
the birnessite are bound together.

In order to synthesize birnessite on the surface of the mag-
netite, first, manganese ions are supplied in the presence of
the magnetite in a solid state.

The magnetite synthesized in the first synthesis step 10 is
used in the current embodiment. In the first synthesis step 10,
the magnetite is not separated and dried but a third solution
including the manganese ions is added to the mixture solution
of the first solution and the second solution in which the
solid-state magnetite is precipitated, thereby reacting with
each other.

In the current embodiment, manganese (II) chloride tet-
rahydrate (MnCl,-4 H,O) solution is used as the third solution
including the manganese ions. The usage of manganese chlo-
ride in the form of hydrate is to improve solubility of water.
The concentration of the manganese (1) chloride tetrahydrate
(MnCl,-4 H,O) solution is determined by a difference in
concentration between the manganese (II) chloride tetrahy-
drate (MnCl,-4 H,O) and the iron (I) chloride tetrahydrate
(FeCl,-4 H,O) solution according to a relative ratio (content
ratio) of the birnessite in the magnetite-birnessite mixture to
be finally synthesized.

If the third solution is added to the mixture solution of the
first solution and the second solution maintained in the basic
state, in particular, at pH 11 to 12, the mixture solution is
stirred for about 10 minutes and is reacted, the manganese
ions are adsorbed onto the surface of the magnetite precipi-
tated in the mixture solution.

Since a point of zero charge (PZC) of the magnetite is about
pH 8, the surface of the magnetite has negative charge in the
mixture solution of pH 11 to 12. Thus, the manganese ions
that are positive ions are electrically adsorbed onto the sur-
face of the magnetite, and the remainder that is not electri-
cally adsorbed onto the surface of the magnetite, exists in the
mixture solution.

It is waited until manganese is sufficiently adsorbed onto
the magnetite, and a fourth solution including sodium ions
and an oxidizing agent are added to the magnetite. In the
current embodiment, an NaOH solution is used as the fourth
solution including sodium ions, and hydrogen peroxide
(H,0,) is used as the oxidizing agent.

Hydrogen peroxide (H,O,) having the concentration of3-6
wt % as the concentration of the oxidizing agent is used to
avoid an intense reaction and to oxidize the manganese ions.
That is, if the concentration of the oxidizing agent (hydrogen
peroxide) is too high, heat and an oxygen gas are generated so
that a reaction may intensively proceed. Also, enough sodium
ions to form the birnessite should be supplied, and enough
hydroxyl ions to neutralize hydrogen ions generated in the
synthesis step of the birnessite should be supplied. Thus, an
NaOH solution having a molar concentration thatis 3.5t0 5.5
times a molar concentration of manganese in the third solu-
tion, is used as the fourth solution. An NaOH solution having
a molar concentration that is 4 times the molar concentration
of manganese in the third solution, is used in the current
embodiment.

However, since the NaOH solution that is the second solu-
tion is contained in the mixture solution in which the magne-
tite is precipitated, the concentration of the fourth solution is
determined in consideration of the second solution in the
mixture solution.

By adding the fourth solution and the oxidizing agent, a
reaction as the following Formula 2 occurs.
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Na*+Mn**+Mn**+40H +

15H,0—=NaMn, 0, 15H,0+4H* (Formula 2)

That is, the oxidizing agent oxidizes 2-value manganese
ions into 3-value or 4-value manganese ions, and the oxidized
manganese ions, the sodium ions, and the hydroxyl ions react
with each other and form birnessite (NaMn,O, 15 H,O).
Since the manganese ions in a state in which they are
adsorbed onto the surface of the magnetite, are synthesized to
the birnessite, the magnetite serves as a crystalline nucleus in
which the birnessite is synthesized. Thus, a mixture in which
the magnetite and the birnessite are bound together, is
formed, and the magnetite and the birnessite form an aggre-
gate.

As described above, if the magnetite-birnessite mixture is
synthesized in the solid state in the second synthesis step 20,
the purification step 30 of separating the mixture from a
solution and purifying is performed.

In the purification step 30, magnetic separation using a
magnet is performed so as to separate the solid-state magne-
tite-birnessite mixture from the solution. Iron oxide and man-
ganese oxide that is a non-magnetic substance coexist in the
solution in addition to the magnetite-birnessite mixture that is
a magnetic substance. Since the magnetite as the ferromag-
netic substance sensitively reacts to a magnetic force and is
attached to the magnet, the magnetite may be separated from
the solution using magnetism. The magnetite-birnessite mix-
ture may be separated from the solution using a well-known
wet magnetic separator (not shown).

In the current embodiment, an electronic magnet having a
magnetic field of 1,000 to 5,000 gauss is used as the magnet
used in magnetic separation. Since the magnetite is the fer-
romagnetic substance, the magnetite-birnessite mixture may
be easily separated from the solution even though the inten-
sity of the magnetic field is not large.

After magnetic separation is performed, the magnetite-
birnessite mixture is finally purified using solid liquid sepa-
ration and drying.

Characteristics of the magnetite-birnessite mixture thatis a
resultant structure of the present invention will now be briefly
described.

The adsorbent (magnetite-birnessite mixture) that is syn-
thesized according to the present invention is a material in the
form of aggregate in which the magnetite that has high
adsorption performance with respect to negative ion contami-
nants and is the ferromagnetic substance and the birnessite
having high adsorption performance with respect to positive
ion contaminants are bound together and are physically a
mass.

Since the magnetite has a PZC of pH 8 and the surface of
the magnetite has positive charge in an aqueous solution of
less than pH 8, the magnetite adsorbs negative ion contami-
nants, such as AsO,>", AsO,*", Cr,0.,>—, PO,>", F~, and
NO,™, due to an electrical force. Also, it is known that
AsO.>", AsO;>", Cr,0,>—, and PO,’ having chemical
attraction with respect to iron oxide are adsorbed at pH 8 or
more by chemisorption.

It is known that the birnessite has very high positive ion
exchange performance of 240 cmol/kg and a PZC of pH 2.
The surface of the birnessite at pH 2 or more has negative
charge and has very high adsorption performance absorbing
positive ion contaminants, such as Cu>*, Pb>*, Zn**, Ni**,
and Cd**, due to the high positive ion exchange performance.

Also, the size of particles of the magnetite-birnessite mix-
ture according to the present invention is about 6 to 60 um and
is very small. If the particles are small in this manner, the
surface area of the particles is much larger than assembly
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particles having the same weight, and performance of absorb-
ing contaminants may be improved.

Hereinafter, an Experimental Example of the above-de-
scribed method for synthesizing magnetite-birnessite accord-
ing to the present invention will be described.

First, magnetite was synthesized. 500 ml of an 0.02 M iron
(D chloride tetrahydrate (FeCl,-4 H,O) solution was put in a
11 plastic beaker and was stirred while gradually adding an 1
M sodium hydroxide (NaOH) solution to the 0.02 M iron (I)
chloride tetrahydrate (FeCl,-4 H,O) solution. The mixed
solution was reacted for 30 minutes while maintaining pH 11
to 12 and was synthesized. In order to adsorb manganese to
the magnetite after the magnetite was synthesized, S00 ml of
a manganese (II) chloride tetrahydrate (MnCl,-4 H,O) solu-
tion was added to the mixed solution and then was stirred for
about 10 minutes. Synthesis was performed while the con-
centration of the solution was changed within the range of
0.005 to 0.08 M (concentration that is 0.25 to 4 times con-
centration of iron).

Subsequently, 500 ml of an NaOH solution containing
hydrogen peroxide (H,O,) with a concentration of 6% was
added to the mixed solution, was stirred for 10 minutes,
thereby synthesizing the birnessite-magnetite mixture. The
concentration of NaOH was 4 times the concentration of
manganese of the manganese (II) chloride tetrahydrate
(MnCl,-4 H,O) solution.

A finally-synthesized material was precipitated in the bea-
ker, and a magnetic substance and a non-magnetic substance
were separated from a suspension using a high gradient mag-
netic separator with a magnetic field of 1,000 to 5,000 gauss,
thereby performing purification.

A mixture obtained in this way was analyzed using mine
composition using X-ray diffraction (XRD), chemical com-
position using a dithionite-citrate-bicarbonate method, and
particle patterns and mine composition using scanning elec-
tron microscope (SEM) and transmission electron micro-
scope (TEM).

If the magnetite-birnessite mixture was separated from the
solution in this experiment, it may be ascertained that the
magnetic substance including the magnetite-birnessite mix-
tureis black and the solution only including the non-magnetic
substance after the magnetic substance is separated from the
suspension, is transparent.

FIG. 2 is a graph showing magnetic susceptibility of the
magnetite-birnessite mixture according to concentration of
iron (Fe) and concentration of manganese (Mn) when synthe-
sis is performed, and FIG. 3 is an image showing XRD pat-
terns of the magnetite-birnessite mixture according to con-
centration of Fe and concentration of Mn when synthesis is
performed.

As shown in FIG. 2, as the concentration of Fe compared to
Mn increases, magnetic susceptibility of the magnetite-bir-
nessite mixture may be increased. As shown in FIG. 3, a
synthesized mixture as a result of XRD analysis includes
magnetite and birnessite, when synthesis is performed, as the
concentration of Mn increases, the content of the birnessite
increases, and as the concentration of Fe increases, the con-
tent of the magnetite increases.

Also, images of the magnetite-birnessite mixture synthe-
sized according to the above Experimental Example are
shown in FIGS. 4 and 5. FIG. 4 is a scanning electron micro-
scope (SEM) image of the magnetite-birnessite mixture, and
FIG. 5 is a transmission electron microscope (TEM) image of
the magnetite-birnessite mixture.

Referring to FIGS. 4 and 5, as a result of observing the
shape of the synthesized material using the method according
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to the present invention with the SEM image and the TEM
image, aggregate of birnessite and magnetite having a fine
plate shape is observed.

FIG. 6 is a table in which a chemical composition (concen-
tration of Fe and concentration of Mn) of the magnetite-
birnessite mixture that is finally synthesized according to a
concentration ratio of Fe with respect to Mn when synthesis is
performed, is analyzed using a dithionite-citrate-bicarbonate
method.

Referring to the table of FIG. 6, as the concentration of a
third solution (manganese (1I) chloride tetrahydrate (MnCl,-4
H,0) solution) compared to a first solution (iron (I) chloride
tetrahydrate (FeCl,-4 H,O) solution) increases, the relative
content of Mn in the final synthesized material is increased
compared to Fe.

Meanwhile, the present invention provides a water-treat-
ment method of treating waste water using the magnetite-
birnessite mixture synthesized using the above-described
method.

The water-treatment method according to the present
invention is illustrated in FIG. 7. FIG. 7 is a schematic flow-
chart of the water-treatment method 200 according to an
embodiment of the present invention.

Referring to FIG. 7, the water-treatment method 200
according to the current embodiment of the present invention
includes waste water analysis (210), magnetite-birnessite
synthesis (220), waste water treatment (230), and separation
(240).

In waste water analysis (210), the content of a positive ion
contaminant and the content of a negative ion contaminant
among contaminants in waste water to be treated are ana-
lyzed. Through this analysis, when a magnetite-birnessite
mixture is synthesized, relative contents of the magnetite and
the birnessite may be determined. That is, when the content of
the negative ion contaminant is relatively large, when synthe-
sis is performed, the concentration of Fe ions is made rela-
tively higher than the concentration of Mn ions so as to
increase the content of the magnetite in the mixture, and when
the content of the positive ion contaminant is relatively large,
when synthesis is performed, the concentration of Mn ions is
increased to increase the content of birnessite.

After waste water analysis is terminated in this way, the
magnetite-birnessite mixture is synthesized according to the
present invention based on the above analysis result. Also,
when synthesis is performed, the relative contents of the
magnetite and birnessite are adjusted.

Ifthe magnetite-birnessite mixture is synthesized, the mix-
ture is put in waste water so that the positive ion contaminant
and the negative ion contaminant in waste water may be
adsorbed into the mixture and waste water is purified.

After the contaminants are adsorbed into the magnetite-
birnessite mixture, the magnetite-birnessite mixture is sepa-
rated from waste water in which purification is completed,
using a magnetic separator. Since the magnetite is a magnetic
substance, the magnetite-birnessite mixture may be easily
separated even at a weak magnetic field (1,000 to 5,000
gauss).

Contaminant adsorption performance with respect to the
magnetite-birnessite mixture synthesized according to the
present invention is tested, and its results are shown in FIGS.
8and 9.

FIG. 8 is a table showing the results of testing a ratio of
removing copper (Cu)that is a positive ion contaminant of the
magnetite-birnessite mixture, and FIG. 9 is a table showing
the results of testing a ratio of removing arsenic (As) thatis a
negative ion contaminant of the magnetite-birnessite mixture.
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In order to test performance of removing a positive ion
contaminant, 0.02 g of' a magnetite-birnessite mixture and 10
ml of an aqueous solution containing Cu 100 mg/I, were
reacted with each other for one hour and then, the concentra-
tion of Cu that remained in the solution was measured. Refer-
ring to FIG. 8, as the content of birnessite that is manganese
oxide mineral in a synthesized material increased, adsorption
of Cu due to the synthesized material was increased.

Also, in order to test performance of removing a negative
ion contaminant, 0.05 g of'a synthesized material and 50 ml of
an aqueous solution containing As (III) 1 mg/L were reacted
with each other for one hour and then, the concentration of As
that remained in the solution was measured. Referring to F1G.
9, adsorption of the synthesized material with respect to As
(IIT) that is a negative ion contaminant was increased as the
content of magnetite that is iron oxide mineral increased.

That is, the contents of the magnetite and the birnessite in
the magnetite-birnessite mixture are adjusted according to
types of contaminants in waste water so that the performance
of removing the positive ion contaminant and the negative ion
contaminant can be improved. Of course, in either case, the
positive ion contaminant and the negative ion contaminant are
removed from the mixture together.

As described above, the magnetite-birnessite mixture syn-
thesized using the method according to the present invention
can adsorb both the positive ion contaminant and the negative
ion contaminant and has a large surface area and thus has
excellent adsorption performance.

Although, in the first synthesis step, the magnetite is syn-
thesized using iron (I) chloride and sodium hydroxide, the
magnetite may be synthesized using a material that provides
2-value Fe ions and hydratory. In addition, the usage of a
finely-ground solid-state magnetite mineral is included in the
concept of synthesis by the first synthesis step.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

The invention claimed is:

1. A method for synthesizing a magnetite-birnessite mix-
ture, comprising:

a first synthesis step in which magnetite is synthesized;

a second synthesis step in which manganese is made to
adsorb onto a surface of the magnetite by supplying
manganese while maintaining a basic state in the pres-
ence of the magnetite, and then synthesizing birnessite
on the surface of the magnetite by supplying an oxidiz-
ing agent and sodium, thereby synthesizing a mixture in
which magnetite and birnessite are bound together; and
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a purification step in which the mixture of magnetite and

birnessite is purified.

2. The method of claim 1, wherein the first synthesis step
comprises synthesizing magnetite by mixing a first solution
comprising iron (Fe) ions and a second solution comprising
hydroxyl ions with each other in contact with air and main-
taining a mixture solution in a basic state.

3. The method of claim 2, wherein the first solution is an
iron chloride solution and the second solution is a sodium
hydroxide (NaOH) solution.

4. The method of claim 2, wherein the second solution is
mixed with the first solution and pH of the mixture solution is
maintained at 11 to 12.

5. The method of claim 1, wherein the second synthesis
step comprises adding a third solution comprising manganese
(Mn) ions, a fourth solution comprising sodium ions, and an
oxidizing agent for oxidizing the Mn ions in the third solution
to the magnetite synthesized in the first synthesis step and
maintaining pH of a whole solution comprising the magne-
tite, the third solution, and the fourth solution at 8 or more so
that birnessite is synthesized on the surface of the magnetite.

6. The method of claim 5, wherein the third solution is a
manganese chloride solution and the oxidizing agent is
hydrogen peroxide.

7. The method of claim 5, wherein the fourth solution is a
sodium hydroxide (NaOH) solution.

8. The method of claim 7, wherein a molar concentration of
the sodium hydroxide (NaOH) solution is 3.5 to 5 times a
molar concentration of the manganese ions of the third solu-
tion.

9. The method of claim 1, wherein, in the first synthesis
step, the first solution comprising Fe ions is used, in the
second synthesis step, the third solution comprising Mn ions
is used, and the molar concentration of the sodium hydroxide
(NaOH) solution is 0.25 to 4 times a molar concentration ratio
of'the Fe ions of the first solution with respect to the Mn ions
in the third solution.

10. The method of claim 1, wherein, in the purification
step, the mixture of magnetite and birnessite is separated
using a magnetic force.

11. The method of claim 10, wherein a magnet used in the
purification step forms a magnetic field having 1,000 to 5,000
gauss.

12. The method of claim 1, wherein the mixture of mag-
netite and birnessite is in a form of aggregate.

13. The method of claim 1, wherein the mixture of mag-
netite and birnessite is formed with a particle size of 6 to 60
pm.



